Left atrial pressures were determined by transbronchial puncture in 53 patients with mitral valve disease of proved type, and were analyzed by several methods. Two new methods of analysis, the rate of the y descent divided by the mean left atrial pressure, and the y descent for each 0.1-second interval divided by the mean left atrial pressure afforded the best separation of the patients with mitral insufficiency from those with mitral stenosis requiring a commissurotomy. In the presence of predominant mitral stenosis, however, the severity of accompanying mitral regurgitation could not be assessed.
IT HAS been well established that mitral valve disease and experimentally produced mitral valvular lesions alter the contour of the left atrial pressure pulse.'-6 The purpose of this investigation was to evaluate the usefulness of several previously describedl-4 and 3 new methods of analysis of the left atrial pressure in distinguishing patients with predominant mitral insufficiency from those with predominant stenosis. This study is based on the preoperative left atrial pressure curves of 53 patients with mitral valve disease of proved type.
MATERIAL
Of the patients studied, 39 were found at operation to have significant mitral stenosis. In 32 of these patients there was either no palpable regurgitation or a minimal jet considered by the surgeon to be of little functional significance. Seven of the 39 patients with mitral stenosis were found to have, in addition, "significant" mitral insufficiency. This was evidenced by the presence of a regurgitant jet of moderate or severe intensity. The valve orifice in each of the 39 patients with mitral stenosis (including those with combined mitral stenosis and insufficiency) was less than 1 cm. in diameter and a commissurotomy was indicated and performed.
Fourteen patients had essentially pure mitral insufficiency. In 7 patients this diagnosis was established at operation or autopsy. The other 7 patients presented classic clinical, roentgenologic, and electrocardiographic findings of mitral insufficiency and at left heart catheterization were shown to have no diastolic gradient across the mitral valve.
From the Clinic of Surgery, National Heart Institute, National Institutes of Health, Bethesda, Md. 399 METHODS Left atrial pressures were determined preoperatively by transbronchial puncture as described by Allison and Linden7 and Facquet and co-workers. 8 Local anesthesia was employed. Pressures were recorded through a no.-17 needle with a Statham P23A pressure-transducer employing either a Sanborn multi-channel recorder or a cathode-ray photographic recording system. There were no instances of hemorrhage, infection, or emphysema and the procedure was well tolerated even by severely ill patients. A detailed description of the technic of left heart pressure measurements by the transbronchial method forms the subject of a separate report.9
The components of the left atrial pressure pulse in a normal individual are illustrated in figure 1 . The a wave is associated with atrial systole and follows the P wave of the electrocardiogram; the z point denotes the beginning of the second positive deflection, the c wave, associated with isometric ventricular contraction.'0 Atrial pressure then falls during the early portion of ventricular systole (x descent); it again rises to a third peak, the v wave, which occurs at the time of opening of the mitral valve. The decline in atrial pressure following the v point, designated as the y descent, is associated with rapid ventricular filling, i.e., it represents the socalled diastolic inflow phase." The left atrial pressure then rises again in middiastole during the period of diastasis or slowed ventricular filling (designated as D in fig. 1 ) until the onset of the next atrial contraction.
In the nomenclature of Owen and Wood,' P1 is the pressure at the peak of the v wave and P2 is the pressure at the termination of the y descent. T1 and T2 are the corresponding points on the time scale. The pressures at the z point and at T1 and T2 were calculated in all patients. At least 4 analyzed in each tracing and average values were used in the final calculations. In patients with atrial fibrillation and a ventricular rate greater than 100, the 4 longest cardiac cycles were chosen for evaluation. MAean left atrial pressures were determined by planimetric integration.
RESULTS AND DiscussioN There was no significant difference between the average of the mean left atrial pressures of the 39 patients with mitral stenosis and the 14 patients with mitral insufficiency. However, obvious differences were found between the left atrial pressure tracings in mitral stenosis and pure mitral insufficiency. Figure 2A illustrates a typical curve from a patient with pure mitral stenosis and sinus rhythm. The a-c complexes and v waves are of similar amplitude, the "pulse pressure"* is narrow, the y descent is slow, the mean pressure is elevated, and diastasis is absent. Figure 2B is a tracing obtained from a patient with pure mitral insufficiency and sinus rhythm. The v wave rises far above the a-c complex and the y descent is rapid. The "pulse pressure" is wide, the mean pressure is elevated, and diastasis is present. * The term "pulse pressure" is used in this report to denote the pressure difference between the highest and lowest points of the left atrial pulse wave. It is usually represented by the difference between the pressure at the peak of the v wave and that at the termination of the y descent. Methods for quantification of the differences in the left atrial pressure curves associated with mitral stenosis and mitral insufficiency have been described by several authors 1-4 and the data from the present series were first analyzed according to their criteria. In figures 3, 4, and 6 the appropriate mathematical ratio is plotted along the abscissa. Each open circle represents a patient with sinus rhythm and each solid circle a patient with atrial fibrillation. Half circles designate those patients with mitral stenosis and significant mitral insufficiency.
Facquet and co-workers2 considered the v wave in terms of its "pulse pressure" and diastolic pressure. In the terminology of figure 1 this may be expressed by the ratio P
P2
When this ratio was calculated for the patients in the present series, complete separation of mitral stenosis from mitral insufficiency was not MORROW, BRAUNWALD, HALLPEt, AND SHARPI' (Pi) to the pressure at the onset of ventricular contractions (z point). This may be expressed (P1 -) X 10.When this formula was applied, there was distinct overlap, particularly among patients with sinus rhythm (figure 3B). Fox and associates4 compared the height of the v wave (P1) to the mean left atrial pressure. This ratio in the present series is plotted in figure  3C . There is no clear separation of the groups regardless of the rhythm. Owen fig. 3D) .
It was noted that 1P varied strikingly and the ratio Ry P, changed significantly according to the phase of respiration and the length of the preceding diastole. Accordingly, the rate of the y descent (Ry) was related to a more stable denominator, the mean left atrial pressure (MUL-AP) (fig. 4) . This ratio provided a better separation of patients with pure mitral insufficiency from those with mitral stenosis requiring a commissurotomy. In the patients in whom a mitral commissurotomy was indicated, the ratio Ry lMLAP was always less than 4 abbreviates the duration of the y descent and thereby elevates Ry. Thus, the ratio Ryl MLAP is a function of heart rate. Since the heart rate differs from patient to patient, and from beat to beat in a single patient with atrial fibrillation, the y descent was measured at standard time interivals.
It has been noted previously12 that diastasis is absent in the left atrial pressure of patients with mitral stenosis, i.e., the y descent is uninterrupted until the onset of the next atrial or ventricular contraction. It was also felt desirable to incorporate this observation into the analysis of the left atrial pressure pulse. Accordingly, the y descent divided by the MILAP was calculated for each 0.10-second interval from its onset (P1) to the beginning of the subsequent atrial contraction in patients with sinus rhythm or to the onset of the next ventricular contraction in patients with atrial fibrillation. This analysis is presented in figure  5 . Four beats from each of the 53 patients were calculated. In figure 5 each symbol represents the value calculated from an individual beat. In beats in which the duration of diastole was ab- breviated the ratio could only be calculated for the first 1 or 2 0.10-second periods. Hence fewer symbols are plotted as diastole progresses.
In the first 0.10 second there is a clear separation of virtually all beats from the patients with mitral insufficiency and those with mitral stenosis. Of the 14 patients with mitral insufficiency 7 had diastolic phases of sufficient duration to permit the calculation of the ratio for more than the first 0.10 second. Six of these 7 patients exhibited diastasis. This rise in the left atrial pressure is plotted as a "negative descent" and therefore appears below zero. Diastasis was absent in all 39 patients with mitral stenosis. In the patients with sinus rhythm the pressure at the peak of the v wave (P1) was related to the pressure at the peak of the a wave (a) and this relationship expressed as the ratio P11a.
This analysis also offered a satisfactory differentiation betweenlmitral stenosis and pure mitral insufficiency ( fig. 6) .
The method of analysis of Allison and Linden3 ( fig. 3B ) revealed that in patients with atrial fibrillation higher values of P1 -Z were noted. Pi However, the rhythm had no discernible effect in the other methods of analysis.
DIscussIoN
It is realized that the methods described for analysis of the left atrial pressure curve are to a large degree empiric. The size and distensibility of the pulmonary venous bed and left atrium and ventricle profoundly affect the left atrial pressure pulse. It is apparent that a given volume of blood regurgitated into the left atrium may result in a large or small variation ill atrial pressure depending upon the volume and distensibility of this chamber and the pulmonary venous bed. The mean left atrial pressure as utilized ill the formulae described takes some consideration of these important variables.
In1 the normal subject or the patient with mitral stenosis, the v wave results only from filling of the atrium during the period in which the mitral valve is closed. In the presence of mitral insufficiency, however, blood from the left ventricle also enters the atrium at this time and further increases the pressure at the peak of the v wave. When the mitral valve opens, left atrial pressure falls as blood flows from the atrium into the ventricle. In the absence of mitral stenosis rapid filling of the ventricle occurs during early diastole. In middiastole a rise in ventricular and hence ill atrial pressure takes place as blood enters the already well filled ventricle. This rise in pressure has been termed diastasis.11 However, in the presence of mitral stenosis and a pressure gradient across the mitral valve, rapid ventricular filling cannot occur, the y descent is slow and prolonged, and diastasis is usually absent.12 It should be noted, however, that diastasis might be expected to occur ill those patients with mitral stenosis ill whom the left atrioventricular pressure gradient falls to zero during long diastolic periods. In mitral insufficiency there is no obstruction to the flow of a volume of blood greater than normal and the fall in pressure is precipitous. Thus, in analyzing the formula presented (Ry/,ILAP) it is apparent that in mitral insufficiency the pressure at the peak of the v wave is higher and also falls more rapidly than in mitral stenosis. Both of these factors tend to increase the value of Ry and hence elevate the ratio Ry lILA4P, and the rate of 1y descent during the first 0.1 second.
In the clinical use of left atrial pressure measurements it must be borne in mind that elevated left atrial pressures may occur with a normal mitral valve in the presence of the elevated left ventricular end-diastolic pressure that accompanies left ventricular failure. In the absence of tachycardia such left atrial pressure pulses generally exhibit diastasis, and this criterion may be employed to rule out the presence of mitral stenosis. The absence of diastasis is a specific abnormal feature of the left atrial pulse contour in mitral stenosis. This observation is not in accord with the view that the left atrial pulse of the patient with mitral stenosis and sinus rhythm closely resembles the normal in contour but is merely elevated in height. Combined lesions of the mitral valve present a "stenosis-insufficiency continuum" with all gradations in the severity of each. Accordingly, there is a group of patients in which determiiia-tion of the predominant lesion has proved difficult. In the present series no method of analysis clearly separated those patients with pure mitral stenosis from those patients with accompanying mitral insufficiency of mild or moderate degree. Howevrer, in all these patients a commissurotomy was found indicated. On the basis of the findings presented, it is believed that the calculation of the ratio RYg1ILAP (fig. 4) , as well as the fractional analysis of the y descent and of diastasis ( fig. 5) , is of distinct value in distinguishing those patients with predominant mitral stenosis from those with pure mitral insufficiency. When sinus rhythm is present the ratio Pi/a is also of diagnostic value.
SUMMARY
Left atrial pressures were determined by transbronchial puncture in 53 patients with mitral valve disease of proved type. Thirtynine patients had mitral stenosis and required a commissurotomy; of these, 7 had significant associated regurgitation. Fourteen patients had pure mitral insufficiency.
The left atrial pressure pulses were analyzed by several previously described methods. Of these, the ratio Rylv (Owen and 
